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This study was conducted to explain the karyological characteristics 
of S. xanthoprymnus from Gencali in Turkey. The chromosomes of the 
specimens were traditionally stained and examined according to standard 
procedures. The chromosomes were determined according to centromere 
positions by examining the photographs of metaphase cells. The karyotype 
of S. xanthoprymnus contained 42 chromosomes (2n=42) and fundamental 
number of chromosomal arms NF=81 and the number of autosomal arms 
NFa=78. The karyotype includes four metacentric chromosomes ranging 
from large to small, three pairs of large and medium-sized submetacentric 
autosome, twelve ranging from large to medium size subtelocentric, and a 
pair of acrocentric autosomes. The X chromosome was determined as large 
subtelocentric and Y chromosome as small acrocentric. Due to there is no 
karyological information and geographical distribution of existentence cy-
totypes in Turkey, revelation of chromosomal structure in Anatolian ground 
squirrel populations will provide properly assessment of taxonomy of those 
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1. Introduction
There are approximately 41 species in the genus Sper-
mophilus [1]. S. citellus (Linnaeus, 1766), S. xanthoprym-
nus (Bennet, 1835) and S. taurensis (Gündüz et al. 2007) 
are three species found in Turkey.
Spermophilus xanthoprymnus, Anatolian ground squirrel, 
is a group-living, diurnal, obligately hibernating marmotine 
squirrel (Figure 1). It inhabits the steppes and alpine mead-
ows throughout central lowland and eastern highland Anato-
lia and adjacent Armenia and northwestern Iran. Its preferred 
elevation appears to range from about 800 to 2.900 m [2]. Figure 1. S. xanthoprymnus from Gencali
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The first karyological investigation of S. xanthoprym-
nus was carried out by Orlov et al. [3] and Voroncov and 
Lapunova [4] on individuals from Armenia. 
In another study, the findings of karyotypes revealed 
a difference between Anatolian populations (S. xantho-
prymnus) and Thrace populations (S. citellus) [5]. Based on 
this karyologic difference, they have concluded that the 
ground squirrel in Central Anatolia is S. xanthoprymnus [5].
Krytufek and Vohralík [6] classified the Anatolian ground 
squirrel as a genus that distributed from Turkey to western 
Armenia. In the Taurus Mountains of Anatolia, Ozkurt et 
al. (2002) [7] identified a restricted population with a 2n = 
40 karyotype in 2002. Thrace population S. citellus is the 
most closely related to Taurus population S. taurensis, ac-
cording to molecular and karyotype studies [5,7-12].
Ozkurt et al. (2007) [13] and Kalafat [14] determined the 
taxonomic status of the S. taurensis and S. xanthoprym-
nus distribution external and cranial characters, dentition, 
and karyology in a study performed in Turkey and Iran. 
According to research on S. xanthoprymnus, the species 
chromosome number in Turkey is 2n=42 [5,7,9-11,13].
Phylogenetic and taxonomic studies include not only tax-
onomic analyses of morphological characteristics but also 
karyological similarity. Furthermore, these studies provide 
very important data and a better understanding of how com-
munities react to disease, fragmentation, global warming, 
and other ecological and sociological causes. A new locali-
ty, Gencali-Isparta was identified for the Anatolian ground 
squirrel. Since this habitat is impacted by human activities, 
the Anatolian ground squirrel is at risk of extinction [15].
Accurate assessment of species distribution and their 
taxonomic status is a fundamental need for addressing 
biological diversity in any geographic area. This is the 
most basic requirement to start biodiversity management 
and conservation planning studies. Revelation of chromo-
somal structure in Anatolian ground squirrel populations, 
for those there is no karyological information and geo-
graphical distribution of existent cytotypes in Turkey, will 
provide properly assessment of taxonomy of those rodents 
in further studies.
The aim of the present study is to investigate the karyo-
logical characteristics of S. xanthoprymnus in Isparta. The 
karyotypes of S. xanthoprymnus in Gencali were studied 
before the species became extinct in the area. This study 
of S. xanthoprymnus in Gencali-Isparta can be used to in-
vestigate chromosomal evolution and phylogeography [9,16].
2. Material and Methods
Habitat of these species are plateau which named “On 
Kuyular” in Isparta-Gencali province, location altitude at 
1592 m. S. xanthoprymnus associates with a continental 
climate and inhabit short-grass steppes. To examine with 
respect to karyological characteristics, animals (2 males) 
were collected (in September 2017) from Gencali prov-
ince. 3 cc of venous blood was taken from the ground 
squirrels included in the study into tubes containing hep-
arin. For culturing blood samples; the nutrient medium 
was created by mixing 50 ml RPMI 1640 medium, 1 ml 
L-Glutamin, 10 cc fetal bovine serum ve 0.5 cc penicil-
lin-streptomycin. 5 ml of this enriched medium was taken 
into falcon tubes and 0.5 ml blood sample was added. In 
order to obtain chromosome from lymphocyte cells incu-
bated for 72 hours, it was stopped at the metaphase stage 
with 0.1 ml colcemid at 71th hour. Then, harvesting steps 
such as hypotonic solution, fixative application, washing, 
spreading and drying were applied, respectively. Respec-
tively Trypsin, PBS (Phosphate-buffered saline), Leish-
man dye and distilled water were applied to the prepara-
tions aged by drying and the preparations were prepared 
for analysis. Using the Akas chromosome analysis system 
(Argenit, Istanbul, TR), 20 metaphase areas at the 550 
band level were examined [17-20].
3. Results and Discussion
S. xanthoprymnus (in Gencali Province) has a karyo-
type of 2n=42, NF=81 and NFa=78. Karyological char-
acteristics show that chromosome 1 is large metacentric, 
chromosomes 6 and 9 are medium-sized metacentric, 
chromosome 19 is short metacentric, chromosome 12 is 
medium-sized submetacentric, chromosomes 2 and 3 are 
large submetacentric. Subtelocentric chromosomes 4, 5, 
7, 8, 10, 11, 13-18 are large to medium-sized. The number 
of acrocentric chromosomes in one pair is 20. The X chro-
mosome is a large subtelocentric. The smallest acrocentric 
chromosome was discovered to be the Y chromosome 
(Figure 2).
Figure 2. Karyotype of a male S. xanthoprymnus from 
Gencali
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Karyotype of Isparta-Gencali population was found to 
be similar to those of Polatlı [7], Maden [7], Erzurum [7], and 
Konya-Selçuklu [10] populations, with a diploid number of 
42, a fundamental number of 81, and a number of autoso-
mal arms of 78.
However, karyological study of S. xanthoprymnus in 
Armenia [3,4] (2n=42, NF=70 and NFa=66); Bayburt, Co-
rum, Erzurum, Sivas [5] (2n=42, NF=67 and NFa=64; and 
Malatya [11] (2n=42, NF=68 and NFa=64) differs from 
Isparta (Gencali province). Dogubeyazıt-Igdır, Digor-Kars 
and Baskale-Van karyological analysis of S. xanthoprym-
nus revealed that 2n=42, NF=82 and NFa=78 [13]. 
The karyological study results of Gümüşhane and Bitlis 
are 2n=42, NF=84 and NFa=80 [21]. In Turkey, Arslan and 
Zima presented data regarding S. xanthoprymnus 2n=42, 
NFa=76-78, NF=80-82; X=Metacentric, Y=Acrocentrik/
Metacentric [22]. The karyotype consists of 16 or 17 pairs 
of submetacentric and subtelocentric, and one or two pairs 
of acrocentric autosomes. The karyotype of species from 
Digor, Ozalp, and Baskale provinces in Turkey, as well as 
those from Iran, was 2n=42, NF=78, NFa=74 [13]. A karyo-
type of 2n=42, NF=80 and NFa=76 was found in species 
from Eregi (Konya) and Sarız (Kayseri) in Turkey. 2n=42, 
S. xanthoprymnus karyotypes were obtained from Trabzon 
(Altndere), Van (Yatıksırt), Konya (Cihanbeyli, Yesilkoy, 
Ilgın, Cayırbag), Nigde (Uluksla) [9], Gümüşhane, and Bit-
lis [21].
To determine chromosomal evolution and phyloge-
ography of S. xanthoprymnus isolated populations or 
species in different locations, extensive comparative 
studies should be carried out using advanced cytogenetic 
methods, with the findings being validated by molecular 
studies. Researchers may clarify the phylogenic variety of 
S. xanthoprymnus in Turkey using this case.
4. Conclusions
This study was carried out to reveal the karyological 
characteristics of ground squirrel whose new location was 
reported for Isparta region. It is the first karyological study 
performed in the population in Isparta. Since the popula-
tion in the field is under human pressure and is in danger 
of extinction, the findings make a significant contribution 
to the literature. The diploid chromosomes number of S. 
xanthoprymnus was 2n=42 and karyotype of consisted 
of NF=81 NFa=78. Sex chromosomes characteristics X 
chromosome is large subtelocentric and Y chromosome 
is smallest acrocentric were determined. These results are 
important because it provides basic information for the 
phylogenetic studies variation of populations living in dif-
ferent locations in Turkey.
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